Abstract. Qi stagnation and blood stasis syndrome (QSBSS) is a common Zheng in Traditional Chinese Medicine (TCM), describes the condition of unsmooth flow of Qi and blood, which manifests as distending pain in a fixed body part and emotional disorders, including irritability and depression. However, the underlying molecular mechanisms remain largely elusive. RNAs are the connection between DNA and proteins, which reflect the interaction between the genotypes and the phenotype. Of note, non-coding (nc)RNA is a type of RNA that is not translated into any protein, but has regulatory functions. Despite the growing interest in exploring the biological basis of TCM Zhengs, the specific roles of ncRNAs in QSBSS have remained largely elusive. In the present study, next-generation sequencing was performed to investigate the ncRNA profile in patients with three different types of disease, but who had QSBSS. A total of 104 long non-coding RNAs, 2 circular RNAs and 697 mRNAs were identified to be significantly differentially expressed in QSBSS patients. Further bioinformatics analysis revealed that the most significantly enriched pathways by the differentially expressed RNAs in QSBSS were the sphingolipid signaling pathway, the neurotrophin signaling pathway, 5' AMP-activated protein kinase and endocytosis. In addition, a network pharmacology analysis indicated that several of the differentially expressed RNAs were included in the targets of TCM herbs for treating QSBSS. The present study was the first to identify ncRNAs that are deregulated in QSBSS by next-generation sequencing technology. The results may offer insight into the biological basis of TCM Zheng and the optimization of ancient formulae, as well as the discovery of novel drugs, to pave the way toward advanced TCM theory and improved health care delivery.
Introduction
It is a common phenomenon that the symptoms and signs are slightly different among patients with the same disease (1) . For instance, coronary heart disease (CHD) manifests as chest pain (2) . However, certain patients suffer from a stabbing pain, while others have complaints of a burning pain (3) . Within the framework of Traditional Chinese Medicine (TCM) theory, practitioners always prescribe a medical formula based on symptoms and signs (4) . In fact, TCM practitioners may divide patients with the same disease into several subtypes according to these slight differences and prescribe the corresponding formulae. In TCM theory, these subtypes are known as Zheng (5) . It is renowned that the advancement of Zheng depends on the genes inherited from the parents, the lifestyle and the environmental conditions, which may differ between individual patients, and therefore, different types of Zheng exist (6) . The first rule of Zheng is that one type of disease may be divided into several different Zheng (7) .
A disequilibrium of the body's original condition is accountable for the development of Zheng, and certain deviations from the equilibrium may lead to certain types of disease and manifestations thereof (8) . For instance, Qi stagnation and blood stasis syndrome (QSBSS), a type of Zheng, describes the condition of unsmooth flow of Qi and blood, which may occur in diseases including CHD, chronic gastritis (CG) and rheumatoid arthritis (RA) (9) . This exemplifies the second rule of Zheng, namely that one type of Zheng may be the basis of several different types of disease (7) . However, the western scientific basis for this theory, including the substantial essence of this Zheng, remains to be fully elucidated. Previous studies in the field mainly focus on the subtypes of one disease based on Zheng, while those on the biological basis of the same Zheng in different diseases are scarce (10, 11) .
The genetic profile of an individual provides information on what could theoretically happen in the body, while protein expression profiles are representative of the processes that are active in the body at the time-point of determination (12) . Of note, RNAs are the connection between DNAs and proteins, which reflect the interaction of the genotype and the environment (8) . Among the different types of RNAs, messenger RNAs (mRNAs) are transcripts of DNA and the information they carry is transferred by their translation into proteins in accordance with the central dogma (13) . Long non-coding RNAs (lncRNAs) are a class of non-protein-coding RNAs of >200 nucleotides in length, and they are known to have roles in controlling chromatin structure, transcriptional regulation and post-transcriptional processing (14, 15) . Furthermore, circular RNAs (circRNAs), which have drawn an increasing amount of attention recently, are a type of non-canonical form of alternative splicing and are more stable than linear RNAs (16, 17) . Network pharmacology studies based on the theory of systems biology may be used for the preliminary validation of the interaction between TCM herbs and RNA targets (18) . Due to its core methods based on the holistic view and the dynamic balance of the human body, network pharmacology is useful for the study of TCM herbs with complex mechanisms of action (19) . In the present study, a network pharmacology analysis was employed to preliminarily validate the differentially expressed (DE) RNAs in subjects with QSBSS. The purpose of the present study was to explore the biological basis of one common Zheng, QSBSS, from the perspective of ncRNAs and mRNAs in a diversity of associated diseases.
Identification of differentially expressed non-coding RNAs and mRNAs involved in Qi stagnation and blood stasis syndrome

Materials and methods
Patients and samples.
The protocol of the present study was approved by the Ethics Committee of Guang'anmen Hospital (Beijing, China). The study included 5 patients with CHD and QSBSS (group a), 5 patients with CG and QSBSS (group b), 5 patients with RA and QSBSS (group c) and 5 completely healthy subjects (control) who presented at Guang'anmen Hospital affiliated to the China Academy of Chinese Medical Sciences (Beijing, China) between October 2016 and December 2016. Informed consent was provided by all of the participants prior to the study. The diagnosis of QSBSS was based on the judgement of an expert clinician according to the standard criteria approved by the China Food and Drug Administration (20) and the scaled diagnosis criteria, which is used to diagnose Qi Stagnation and Blood Stasis Syndrome (21) . The criteria for QSBSS included primary symptoms and signs [i) distending pain; ii) tingling sensation anywhere on the body; iii) pain in a fixed place; iv) pain aggravated by touch; v) lumps in the body; vi) self-reported irritability; vii) clinical depression diagnosed by a psychiatrist], secondary symptoms and signs [i) loss of appetite; ii) paleness of the face; iii) hemorrhagic spots on any part of the body], TCM tongue presentations [i) purple, dusky tongue; ii) stasis macules or stasis spots on the tongue] and pulse presentation [i) choppy pulse; ii) wiry pulse] (22) . A patient was diagnosed with QSBSS if they had >2 of the primary symptoms and signs, >1 of the secondary symptoms and signs, and 1 of the tongue or pulse presentations. The diagnosis of CHD, RA and CG were based on guidelines for the diagnosis and management of patients with stable ischaemic heart disease (23), the diagnosis and treatment for rheumatoid arthritis (24) and the consensus of chronic gastritis (25), respectively. From each of the patients, blood samples (3-4 ml) were collected in EDTA-containing tubes.
RNA isolation and library preparation. RNA degradation and contamination was monitored on 1% agarose gels. RNA purity was confirmed using the Agencourt AMPure XP (cat. no. A63881; Beckman Coulter, Brea, CA, USA). RNA integrity was assessed using the RNA Nano 6000 Assay Kit for the Bioanalyzer 2100 system (cat. no. 5067-1511; Agilent Technologies, Inc., Santa Clara, CA, USA). The methods of lncRNA quantification were identical to the conventional methods for mRNAs. Quantification of circRNAs was performed with exonuclease to exclude non-circRNAs. After RNA extraction, the total RNA was digested with TruSeq Stranded Total RNA with Ribo-Zero Gold (cat. no. 15021048; Illumina, Inc., San Diego, CA, USA). The sample was then subjected to reverse transcription using SuperScript II Reverse Transcriptase (cat. no. 18064014; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
A total of 3 µg RNA per sample was used as input material for the RNA sample preparations. First, ribosomal (r)RNA was removed using Agencourt RNAClean XP (cat. no. A63987; Beckman Coulter), and rRNA-free material was cleaned up by ethanol precipitation. Subsequently, sequencing libraries were generated using the rRNA-depleted RNA. Library preparation was performed according to manufacturer's protocol (Illumina). In brief, fragmentation was performed using divalent cations at 94˚C in 5 µl rRNA Binding Buffer and 5 µl rRNA Removal Mix-Gold. First-strand complementary (c)DNA was synthesized using 8 µl First Strand Synthesis Act D Mix and SuperScript II Reverse Transcriptase. Second-strand cDNA synthesis was performed using 5 µl End Repair Control (2 µl End Repair Control + 98 µl Resuspension Buffer). The reaction buffer contained deoxynucleoside triphosphate where thymine was replaced by uracil. After adenylation of the 3'ends of the DNA fragments, an adaptor with a hairpin loop structure was ligated to prepare for hybridization. To select cDNA fragments of preferentially 150-200 bp in length, the library fragments were purified using the AMPure XP system (cat. no. A63881; Beckman Coulter). The DNA fragment was enriched by using 5 µl polymerase chain reaction (PCR) Primer Cocktail and 25 µl PCR Master Mix prior to performing PCR. The mixture was incubated in the following conditions: 98˚C for 30 sec, 15 cycles 98˚C for 10 sec, 60˚C for 30 sec, 72˚C for 30 sec, then 72˚C for 5 min and held at 10˚C. Finally, products were purified (AMPure XP system) and library quality was assessed on the Agilent Bioanalyzer 2100 system.
Sequencing of RNAs and DE RNAs analysis.
The clustering of the index-coded samples was performed on a cBot Cluster Generation System using TruSeq PE Cluster Kit v3cBot-HS (Illumina) according to the manufacturer's protocols. After cluster generation, the libraries were sequenced on an Illumina HiSeq 2,500 platform, and 125 bp paired-end and 50 bp single-end reads were generated. The number of reads for each sample was 8x10 7 . The number of clean bases of lncRNAs, circRNAs and mRNAs for each sample in filtered data was 12-13 Gb. The error rate of each base in lncRNAs, circRNAs and mRNAs for each sample was <0.001. The spliced transcription products of each sample were combined and screened as lncRNAs with Cuffmerge program in the Cufflinks 2.2.1 software package. All transcripts that overlapped with known mRNAs, other non-coding RNA and non-lncRNA were discarded. Next, the transcripts that longer than 200 bp and >2 exons were obtained, and CPC (version 0.9-r2) (26), PLEK (version 1.2) (27), CNCI (version 1.0) (28) and Pfam (version 30) (29) software packages were used to predict transcripts with coding potential. The characteristics (including length, type and number of exons) of lncRNA were analysed after screening by the Cuffcompare program in the Cufflinks 2.2.1 software package (30) . CircRNAs were identified using the CircRNA Identifier tool (31) . The expression of lncRNAs were calculated using fragments per kb per million reads (FPKM), while the expression of circRNAs Values are expressed as the mean ± standard error of the mean or n. Groups: a, QSBSS patients with coronary heart disease (n=5); b, QSBSS patients with chronic gastritis (n=5); c, QSBSS patients with rheumatoid arthritis (n=5). QSBSS, Qi stagnation and blood stasis syndrome. (34, 35) . The compounds were then screened according to parameters including drug-likeness (DL) and oral bioavailability (OB), and the specific ingredients were selected if their DL ≥0.18 and OB ≥30%, suggested criteria given by the TCMSP database (34) . Finally, the targets of the compounds were predicted using the TCMSP analysis platform and the merged compound-RNA target network was constructed using Cytoscape (version 3.2.1), in order to determine whether any of the DE RNAs associated with QSBSS were targets of the components of Xuefu Zhuyu decoction.
Statistical analysis. The data regarding the clinical characteristics of the participants are expressed as the mean ± standard error of the mean and the corresponding results were statistically analyzed using one-way analysis of variance. The results of DE RNAs were analyzed by the algorithm of DESeq2 in R software (32) . The regulatory network for ncRNAs was analyzed by the algorithm of ClueGo in Cytoscape software. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of participants.
A total of 20 participants were recruited for the present study and were divided into 4 groups. The clinical characteristics of these 4 groups were listed in Table I . The 4 groups were matched in terms of sex, as well as body height and weight, and there were no significant differences in terms of the frequency of hypertension, diabetes mellitus and cancer between the groups (P>0.05). Tables II, III their underlying mechanisms in the biological networks, the Cytoscape plugin ClueGo was utilized. Significant GO terms in the categories MF and BP were specifically associated with nucleic acid metabolic process, regulation of macromolecule metabolic process, peptidyl-lysine modification and mitotic cell cycle (Figs. 5 and 6 ). Of note, these DE RNAs coordinate Down with each other to perform their functions and the relevant major biochemical pathways and signal transduction pathways were predicted by enrichment analysis based on the KEGG database. A scatterplot of the DE RNAs was employed to demonstrate the KEGG enrichment analysis. In this plot, the degree of KEGG enrichment is assessed by the enrichment factor, P-value and number of genes. A greater enrichment factor is associated with a P-value closer to zero and a greater number of genes, and therefore a more significantly enriched pathway. When the data were analyzed regarding the co-expression of genes of DE lncRNAs, DE mRNAs and target genes of DE circRNAs, the most significantly enriched KEGG pathways were sphingolipid, neurotrophin, AMP-activated protein kinase (AMPK), mRNA surveillance pathway and endocytosis (Fig. 7) . These major BPs and signal transduction pathways provide insight regarding further directions of research on the biological basis of QSBSS.
DE ncRNAs and mRNAs, and their overlap among patient groups with different types of disease.
Merged network of DE RNAs and target fishing. As presented in the network for compounds and targets (Fig. 8 ) and the merged network (Fig. 9) , the targets of active components of Xuefu Zhuyu decoction partly covered the targets in the DE RNAs of QSBSS discovered by sequencing. The shared targets of QSBSS and Xuefu Zhuyu Decoction were interleukin 1β, DNA topoisomerase I, potassium voltage-gated channel subfamily H member 2, nuclear receptor coactivator 1, mitogen-activated protein kinase 8, insulin-like growth factor 1 receptor and calcium/calmodulin-dependent protein kinase kinase 2.
Discussion
In the present study, expression profiles of lncRNAs, circRNAs and mRNA were obtained by next-generation sequencing and compared in patients with QSBSS and three different types of disease (CHD, CG or RA vs. normal controls). A total of 104 lncRNAs, 2 circRNAs and 697 mRNAs were finally identified to be significantly DE among groups a, b and c in a Venn diagram. These DE RNAs were subsequently displayed in a Volcano Plot and integrated into hierarchical categories according to heat maps and hierarchical clustering. GO and KEGG analyses were used to predict their relevant functions by ClueGo. A network pharmacology study was also performed to preliminarily confirm the DE RNAs with the hypothesis that the DE RNAs of QSBSS may be regulated by the TCM herbs with efficacy in treating QSBSS. These DE RNAs and their corresponding pathways may be considered highly relevant to QSBSS, and may contribute to the explanation of Zheng and prediction of therapeutic targets of the TCM formula.
QSBSS is a common Zheng that is thought to be associated with the manifestation of numerous types of disease, 
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Comparison A (Group a vs. Group control), B (Group b vs. Group control) and C (Group c vs. Group control). Groups: a, QSBSS patients with coronary heart disease (n=5); b, QSBSS patients with chronic gastritis (n=5); c, QSBSS patients with rheumatoid arthritis (n=5). circRNA, circular RNA; QSBSS, Qi stagnation and blood stasis syndrome; BM, base mean. including CHD, CG and RA, and it is always used to define the condition of unsmooth flow of Qi and blood (36) . In addition to distending pain in a fixed place, one symptom of QSBSS is emotional problems, including irritability and depression (21) . The development of QSBSS is complex (37) and the mechanism remains largely elusive. The competing endogenous (ce)RNA hypothesis posits that miRNA may bind to an argonaute protein and form the miRNA-guided RNA-induced silencing complex (RISC) to target the relevant mRNA, leading to accelerated degradation, blocked translation and decreased expression, while ceRNA with shared target sites competes for miRNA targeting and binding in the RISC, thus sequestering the miRNA activity, resulting in repression of the expression the target gene of the respective miRNA (14) . Furthermore, lncRNA, circRNA and pseudogene transcripts have gained considerable attention as they may work together to regulate ceRNA mechanisms. Despite the growing interest in exploring the biological basis of Zheng from DNA and RNA (38) (39) (40) (41) , the molecular mechanisms underlying the interaction of ncRNAs and mRNAs in QSBSS have remained largely elusive. Therefore, for the first time, the present study provided and compared expression profiles of lncRNAs, circRNAs and mRNAs in QSBSS obtained by next-generation sequencing. These pioneering discoveries may deepen the current understanding of the mechanisms of Zheng as well as provide a foundation for further scientific research into the molecular basis of TCM theory.
Previous studies have indicated the links between QSBSS and the processes of inflammation, immune response and sympathetic regulation (42) (43) (44) . Of note, glycoprotein containing disulfide bonds, G protein-coupled receptor signaling pathways and catecholamine neurotransmitter activity were identified to constitute the biological basis of QSBSS through methods of data mining, which integrated the results of nearly all of the previous research on QSBSS (45) . Another previous study suggested that QSBSS patients suffered from an imbalance of lower pneumogastric nerve activity and higher sympathetic nerve activity, as indicated by a heart rate variability analysis (43) . Although evidence for the biological basis of QSBSS has accumulated, no comprehensive analysis of the ncRNA and mRNA profile in QSBSS has been performed to date, to the best of our knowledge. Thus, next-generation sequencing was applied in the present study to analyze DE ncRNAs and mRNAs in patients with QSBSS.
Bioinformatics analysis of the RNA sequencing results of the present study indicated that DE RNAs in QSBSS were most significantly enriched in pathways including the sphingolipid signaling pathway, the neurotrophin signaling pathway, AMPK and endocytosis. These results imply that QSBSS is not only associated with an imbalance of neural function, but also with a deregulation of energy metabolism. Specifically, sphingomyelin and its metabolic products are known to have second messenger functions in a variety of cellular signaling pathways (46, 47) . Among its metabolic products, ceramide and S1P regulate cellular responses to stress, with generally opposing effects (48, 49) . Neurotrophins are a family of trophic factors involved in the differentiation and survival of neural cells, which are central for the development of diseases including hereditary sensory and autonomic neuropathy, as well as congenital pain insensitivity with anhidrosis (50). Endocytosis is a mechanism for cells to remove ligands, nutrients, plasma membrane proteins and lipids from the cell surface, which is essential for the advance of hereditary sensory and autonomic neuropathy (51) . AMPK is a serine threonine kinase that is highly conserved through evolution and the AMPK system acts as a sensor of the cellular energy status (52, 53) . These functions of enriched pathways may be indicative of why QSBSS frequently manifests as pain accompanied with obscure sensations, including a distending and tingling sensation, as well as emotional problems, including irritability and depression (17) . Of note, QSBSS is a stagnation of Qi and the flow of blood, which is known to carry the substance, including oxygen and energy in the body (54). Hence, it is likely that the biological basis of QSBSS may be directly associated with a dysfunction of energy metabolism and the autonomic nervous system, which requires more in-depth study in the future.
To the best of our knowledge, the present study was the first to explore the biological basis of Zheng in subjects with different diseases rather than different Zheng in one disease and it was attempted to interpret QSBSS, one of the common Zheng, from the perspective of ncRNAs and mRNAs, which were determined by next-generation sequencing technology. It is worth mentioning that the grouping design in the present study may be implemented to assess any type of Zheng in further studies. However, one of the limitations of the present study is the lack of validation of DE RNAs by quantitative (q)PCR as the cohort size was very small and qPCR analysis was not performed, which is likely to be resolved in a future study. Besides, the inter-group and inter-patient variability should also be analysed in the future study. Furthermore, one intended utility of these DE RNAs and enriched pathways is to predict the potential targets of TCM formulae that treating QSBSS, which mainly include interleukin 1β, DNA topoisomerase I and potassium voltage-gated channel subfamily H member 2. These putative targets may be candidates for experimental validation of the mechanisms of action of the TCM formulae, which may be essential for the optimization of ancient formulae and the discovery of novel drugs. 
